
Thermodynamics II MEC2307
Laboratory Experiments

Gas Turbine Cycle

Object:

To carry out tests on a demonstation gas turbine unit with centrifugal compressor and turbines.  

Apparatus:

Gas Turbine

GT185, demonstration type gas turbine, two shaft centrifugal type.

Load Dynamometer

Manufacturer: Vibrometer 

Type: Eddy current-magnetic powder

Reading by means of load cell.

Fuel:

Kerosene, Calorific value 43.6 x 106 J/kg

Cooling:

Water cooling for lubrication oil cooler and dynamometer.

Auxiliaries

Starting fan

Lubrication oil pump

Fuel pump

Oil cooler

Fuel and oil tanks

Instrumentation

Electronic with digital readouts

Procedure

The GT is run by a PLC which takes care to follow a certain procedure for start up and shutdown.  Lube oil pump is started, cooling water is opened to both oil cooler and dynamometer.  Starting fan is energized, allow N1 speed (the speed of the compressor and HP turbine) to stabilize at between 12,000 to 20,000 rpm.  Ensure fuel valve is closed completely.  Push and hold the Ignition button, energise the fuel pump, then open the fuel valve between 2 to 3 turns.  When the GT becomes self sustaining, the starting fan will automatically shut down.  Open the fuel valve further so that N1 speed is brought up to 60,000rpm.  N2 speed (the speed of the LP turbine and dynamometer) should be maintained between 5,000 and 50,000 by means of the dynamometer load.  Maintain N1 speed between 50,000 to 100,000.

Take 4 readings at four different power outputs by adjusting the dynamometer load, maintain N1 close to 65,000rpm by adjusting the fuel valve.

Theory

The Gas Turbine cycle is characterized by two constant pressure processes for heat input and heat rejection.  In a real GT the heat input is achieved by the combustion of a fuel in the compressed air stream, furthermore the heat input is not exactly at constant pressure because there is an inevitable pressure drop in the combustor.

The power output in the dynamometer can be calculated by


[image: image1.wmf]60

2

2

q

T

N

t

PowerOutpu

p

=

 Watts

The overall efficiency of the gas turbine can be calculated as the power output divided by the heat input from the calorific value of the fuel used.
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 is the fuel flow rate kg/s

and 
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is the calorific value of the fuel, for kerosene it can be taken as 43600 kJ/kg.

Carnot Efficiency is the efficiency based on the maximum and minimum temperatures in the cycle. Hence these are the outlet temperature of the combustion chamber T3 and ambient temperature Ta  respectively.
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on the other hand the Brayton efficiency can be shown to depend only on the pressure ratio 
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The energy from the calorific value of the fuel is transferred to the hot gases.

More or less we can say 
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Where 
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is the mass flow of air, neglecting mass flow of fuel

and 
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is the specific heat capacity of the hot gases, could be taken as 1.069kJ/kgK

Hence the mass flow of air can be found.

The compressor obtains its work input from the HP turbine.  The HP turbine work can be calculated from the temperature drop across it.
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Results

Calculate for each of the set of readings taken,

The power output measured by the dynamometer

The heat input in the combustion due to the fuel mass flow rate

The overall efficiency of the GT
The Carnot efficiency at the different turbine inlet temperatures

The Brayton efficiency at the different pressure ratios

Air mass flow rate

The HP turbine power which is equal to the input power to the compressor

Plot the efficiency versus the GT work output (dynamometer power in Watts).

Conclusions

Draw your own conclusions on the experiment and results obtained.
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Readings

Ambient temperature                  oC

Atmosheric pressure                   cmHg

	mf                g/s
	
	
	
	
	

	Pa                 mbar
	
	
	
	
	

	Ta                 oC
	
	
	
	
	

	(p1              mbar
	
	
	
	
	

	T1                        oC
	
	
	
	
	

	N1               rpm
	
	
	
	
	

	T2                oC
	
	
	
	
	

	P2                bar
	
	
	
	
	

	T3                oC
	
	
	
	
	

	P3                bar
	
	
	
	
	

	P4                mbar
	
	
	
	
	

	T4                oC
	
	
	
	
	

	Tq               Nm
	
	
	
	
	

	N2              rpm
	
	
	
	
	

	T5               oC
	
	
	
	
	

	(p5            mbar
	
	
	
	
	

	Fuel pressure    bar
	
	
	
	
	

	Oil pressure      bar
	
	
	
	
	

	Oil temp            oC
	
	
	
	
	

	Brake load divisions
	
	
	
	
	

	Hours
	
	
	
	
	

	Vacuum oil    cmHg
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